We aimed to evaluate the alteration of dynamic thiol/disulfide homeostasis which basically shows the oxidative stress in body in pregnant women with gestational diabetes mellitus (GDM) by using a newly developed and automated analysis method.
Introduction
Gestational diabetes mellitus is defined as carbohydrate intolerance that occurs or is first recognized during pregnancy (1) . The prevalence of GDM may vary from 1% to 14% of all pregnancies, depending on the population and diagnostic criteria (2); The incidence of the disease is tend to increase with advancing maternal age and obesity (3) . Decreased insulin sensitivity, inadequate insulin secretion from the pancreatic beta cells, and hyperglycemia are the constant components of this heterogeneous disorder (3) . GDM is found to be related to increased risks of macrosomia, shoulder dystocia, birth injuries, preeclampsia, increased risk of developing type 2 diabetes in mothers and long term health problems with respect to childhood obesity in offspring (4) .
Oxidative stress is defined as a perturbation in the balance between the production of reactive oxygen species (ROS) and antioxidant defenses leading to tissue damages in organisms (5) . Oxidative stress has been found to be connected to the pathogenesis of numerous diseases including atherosclerosis, diabetes, hypertension, and cancers (6, 7) . The balance between ROS and antioxidants is crucial to maintain physiological functions of cells, tissues, and the whole body. The mechanisms that how oxidative stress affects the vital organs are well described (3) , moreover, the association between diabetes especially type 2 diabetes mellitus (DM) and oxidative stress has been well documented in literature (8, 9) identifying increased ROS and impaired antioxidant defense system in type 2 diabetic patients. However, only limited number of studies have been conducted to date the association between oxidative stress and the pathogenesis of GDM which is similar to type 2 DM (10,11).
Thiol/disulfide exchange reactions are well-known protective mechanisms against the oxidative damage in the body (12) . Alteration in redox reactions involving thiols and disulfides also contribute to cellular protection against oxidation. Thiols are organic compounds with carbon-bonded sulfhydryl and hydrogen groups. In presence of oxidative stress, thiols react with oxidizing agents and mediate the formation of reversible disulphide bonds between proteins. Disulphides mainly found in proteins located outside the cells forming bridge-like structures can function to regulate the response to oxidative challenge (12) . If thiol/disulphide homeostasis switches in favor of disulphides, it may lead to increased oxidative response in the body. Increased thiol levels, on the other hand, provide substantial antioxidant protection against ROS, and support cellular signaling mechanisms, and regulation of vital enzymes (12, 13) . Although one part of this twosided balance determined in 1979, a newly developed automated analysis method by Erel allowed the measurements of serum thiols and disulphides either separate or combined (14) . In this convenient method, serum thiol concentrations can be measured and plasma thiol/disulphide homeostasis can be determined easily.
In this study we aimed to evaluate the alteration of dynamic thiol/disulfide homeostasis in pregnant women with gestational diabetes by using a new and automated analysis method developed by Erel (14) .
Material and Method
This prospective observational study was carried out at the Obstetrics and Gynecology Clinic of Ankara Ataturk Training and Research Hospital between January 2015 and December 2015. The study protocol was approved by the ethics committee of the same intuition and complied with the Helsinki Declaration. A written informed consent was obtained from all subjects in the study. A total of 146 pregnant women with singleton pregnancies were included in the study. Gestational age was determined based on the combination of the last menstrual period and ultrasound findings in the first trimester. Body mass index (BMI) was calculated as weight (kg)/height squared (m 2 ) in all cases. Patient characteristics (age, gravida , parity, pregestational BMI and historical information were collected from subjects. All participants underwent the obstetrical evaluation and received an oral glucose challenge test (GCT) between 24-28 weeks of gestation. During this period, all women were advised to admit to antenatal clinics with a fasting state. Before GCT, participants were kindly asked to give blood samples for the evaluation of fasting blood glucose, glycosylated hemoglobin A1c (HbA1c), fasting insulin, and serum thiol and disulphide levels. Then 50 g glucose solution was ingested by all pregnant women in order to screen GDM. For GCT, venous blood samples were obtained from the antecubital vein one hour after the ingestion of a solution. Women with a GCT ≥ 140 mg/dl were accepted as having a positive test and referred to oral glucose tolerance test (OGTT). The 100-gram OGTT was performed in the morning following overnight fasting. Venous blood samples were drawn at baseline (fasting) and 60, 120, and 180 min following ingestion of the standard 100-gram glucose load. OGTT results were evaluated using the Carpenter and Coustan modification of the National Diabetes Data Group (NDDG) criteria (15) , which is accepted as positive OGTT as venous blood glucose levels ≥95 mg/dL for fasting, ≥180 mg/dL for 1 h, ≥ 155 mg/dL for 2 h, and ≥140 mg/dL for 3 h. Elevation in two or more OGTT parameters at or above aforementioned levels were accepted as having GDM. Patients with GCT values at or above 200 mg/dL were considered as having GDM as well. Patients having one abnormal OGTT parameter or normal OGTT following positive GCT were defined as having impaired glucose tolerance (IGT). Patients were subdivided into 3 groups based on their response to GCT and OGTT results: (1) control group (normal GCT test results n=87); (2) IGT group ( n=37); (3) GDM group (n=25). Since the obesity may enhance the oxidative stress (16) , all three groups were consisted of BMI and gestational weeks matched pregnant women. Women with <18 years old, multiple pregnancies, any infectious or inflammatory disease, preeclampsia/eclampsia, hypertension, smoking habit, alcohol consumption were excluded from the study.
Serum glucose levels were measured using the hexokinase method (COBAS Integra 800, Roche, Germany). Blood samples were collected in EDTA-contained tubes and processed in a Sysmex XE 2100 device (Roche Diagnostics, Basel, Switzerland) for complete blood count analysis. Complete blood cell count parameters (white blood cell count (WBC), hemoglobin (Hgb), hematocrit (Htc) of the patients were measured and recorded with the assistance of a computer.
Insulin (IU/mL) was measured with cobas e 601 (RocheHitachi Diagnostics, Mannheim, Germany ) immunoassay device by using the chemiluminescence immunoassay method.
HbA1c was measured with turbidimetric inhibition immunoassay (Cobas 8000; Roche-Hitachi Diagnostics, Mannheim, Germany) (minimum detection rate 0.1 g/dL). For measurement of fasting maternal serum thiol and disulphide levels, collected venous blood samples from pregnant women between 24-28 weeks of gestation were centrifugated at 2300g for 10 minutes. Then serum was separated and stored at -80°C until analysis. Serum thiol-disulphide homeostasis was determined with an automatic measurement method (12) by using an automated clinical chemistry analyzer (Roche, Cobas 501, Mannheim, Germany). Brief explanation for the process:(1) the reducible disulfide bonds were reduced to form free functional thiol groups. (2) Formaldehyde helped remove unused and consumed sodium borohydride, (3) all thiol groups, including both reduced and native groups were determined after the reaction with DTNB (5,50-dithiobis-(2-nitrobenzoic acid. Following the calculation of thiols, disulfide amounts, the percentage of disulfide/total thiol ratios were determined. Total thiol, and disulphide levels were measured amongst three groups.
The statistical analyses were conducted using IBM SPSS Statistics for Windows, version 21.0 (released 2012, IBM Corp., Armonk, N.Y., USA). The Shapiro-Wilk test was performed to test the normality of distribution of the variables. Continuous variables with normal distribution were presented as mean ± SD. Non-normally distributed variables were presented as median (interquartile range). Since the data were normally distributed, thiol and disulphide levels among the 3 groups were assessed by using ANOVA and post hoc Bonferroni's multiple t test. Comparison of blood glucose values at baseline (fasting) and 60, 120, and 180 min between IGT and GDM groups were made by using student T test. Regardless of the groups, GCT values were negatively correlated with serum thiol levels (p=0.001) (Figure 1 ) and positively correlated with serum disulphide values (p=0.001) (Figure 2 ) in the study. 
Discussion
Current study yielded significant findings related to the occurrence of GDM. In normal uncomplicated pregnancies, oxidative stress and lipid peroxidation are relatively increased compared with non-pregnant women (17) . However, there is also accompanying increase in antioxidant protection for compensation of increased oxidative stress in these patients (17) . In our study, patients with GDM demonstrated elevated levels of disulphide values and reduced thiol levels in their sera comparing to normal healthy pregnancies. Furthermore, dynamic thiol/disulphide homeostasis has shifted in favor of extensive disulphide formation leading to elevation of oxidative stress in GDM patients. Studies pertaining to diabetes and oxidative response have shown that imbalance between ROS and antioxidants may trigger insulin resistance in DM (18) . It was hypothesized that increased oxidative stress as a result of increased production of ROS may damage pancreatic beta cells causing the loss of pancreatic function and finally development of DM (18) . Emerging research has shown the possibility of the same mechanism involved in the pathogenesis of GDM as both DM and GDM have a lot in common with respect to development of diseases (19) including hyperglycemia, insulin resistance, impaired insulin secretory response, and hyperlipidaemia.
Limited studies were assessed the relationship between GDM and oxidative stress markers (20, 21) . Peuchant et al. (10) evaluated oxidant and antioxidant status in pregnant women with either GDM or type 1 DM and they observed reduced antioxidant levels in patients with these conditions compared to the healthy group (10) . In another study, plasma and serum maternal total antioxidant and oxidant status were assessed by using different markers in GDM and healthy pregnancies between 24 and 36 weeks of gestation and they found increased oxidative stress and reduced antioxidant levels in patients with GDM (22) . They concluded that oxidative stress may contribute to disease processes in this condition (22) . However their study population included pregnancies between 24 and 36 weeks of gestation, participants in our study were between 24 and 28 weeks of gestation as being more homogeneous. On the other hand another study found no differences of serum levels of oxidative stress markers between pregnant women with GDM and healthy controls (21) . These conflicting results may be due to different criteria chosen by the different research group.
Another study investigated the placental oxidative stress status of women with GDM and they found prominent increase in oxidative stress markers released from placental tissue in the study population (23) . They interestingly observed a significant positive correlation between plasma glucose (at 2 hours OGTT) and placental release of oxidative stress markers, however fasting plasma glucose concentrations did not correlate with placental oxidative stress markers (23) . This study implies that high blood glucose levels may increase in placental oxidative stress markers leading to the possibility of an adverse effect on the fetus. In our study we failed to demonstrate any relation between thiol/disulphide status and OGTT parameters, however we did observe positive correlation between serum disulphide levels and GCT values and inverse correlation with serum thiol levels and GCT values in the study. Apart from aforementioned studies we also evaluated the antioxidant status in pregnant women with IGT and found significant differences of thiol and disulphide levels between IGT and GDM groups suggesting that oxidative status completely related to blood glucose levels. If blood glucose levels increase, thiol/disulphide homeostasis shifts to the oxidative side in the study. Recent study has shown that women with GDM can develop overt diabetes as late as one decade after pregnancy due to reduced beta-cell reserve as a result of increased oxidative stress during their pregnancies with a sevenfold higher risk than in women without history of GDM (24) . Therefore, the correct measurement of oxidants and antioxidants in the serum of pregnant women with GDM become crucial because long term effect of oxidative response in these patients. This study is the first in terms of determining of the levels of thiol/disulphide homeostasis which is more convenient and reliable method identifying oxidative stress in the body (14) .
Studies investigating the pathogenesis of obesity have also found close relationship between oxidative stress and the degree of obesity (25, 26) . Recent study showed that antioxidants especially thiols decreases in the presence of obesity in adults (25) . In this current study, all participants were selected from BMI and gestational age-matched pregnant women in order to standardize the study population and prevent the effect of obesity on oxidative stress.
The limitations of the study include the relatively small sample size in terms of GDM group, lack of information regarding the serum antioxidant and oxidant levels in the first trimester and in the third trimester of pregnancies that we might evaluate the effect of oxidative stress on the development and the progress of the disease and the oxidative response to the alteration of blood glucose levels.
In conclusion, based on our finding which decreased antioxidant protection and increased oxidative stress related to increased blood glucose levels were found in patients with GDM, we can infer that blood glucose regulation is extremely crucial for reducing the oxidative stress which may lead to damages to vital organs of a mother or even to development of a fetus in women with GDM. Moreover, it can be considered to adding antioxidant-rich food to diet of particularly diabetic pregnant women with unregulated blood glucose levels may strengthen women immune system against oxidative stress.
